the rapid changes in chromatin structure following actiEukaryotic cells also contain a number of chromatin remodeling complexes based on hISWI or hSNF2L, a vation of lymphocytes, we found that dominant negative mutations of the BAF57 protein lacking the HMG domain protein similar to SWI2 or SNF2. In contrast to BRG1 and other BAF components, hISWI or hSNF2L remained but containing the kinesin domain (Wang et al., 1998) expressed at physiological levels in T lymphocytes of unassociated with the nucleus during the entire time course of lymphocyte activation ( Figure 1D ). Thus, lymtransgenic mice completely block T lymphocyte activation (Chi et al., unpublished data). However, the lymphophocyte activation signals selectively affect BAF complexes. cytes of these mice proliferate and survive normally. To search for the mechanism underlying this striking effect, Lymphocytes require both a Ca 2ϩ signal and a PKC/ ras signal for activation. PMA alone, which activates we have investigated the behavior of the BAF complex after lymphocyte activation, which we introduce as a PKC, was unable to induce maximal nuclear association of the BAF complex. Likewise, ionomycin alone, which useful model system for study of the mechanisms by which extracellular signals induce genome-wide chroopens membrane Ca 2ϩ channels, was unable to induce maximal association of the BAF complex with the numatin remodeling.
cleus of murine lymphocytes. However, the combination of the two was as good as stimulation through the T Results cell receptor at inducing the association of BAFs with the nucleus ( Figure 1E ).
The BAF Complex Becomes Stably Associated with the Nuclei of Lymphocytes within 10 Min of Activation
We reasoned that the rapid chromatin decondensation Phosphatidyl Inositol 4,5-Bisphosphate (PIP2) Regulates the In Vitro Binding of BAF Complexes that occurs after engagement of the antigen receptor in lymphocytes might require the regulated association of to the Nuclear Scaffold/Matrix and Chromatin To further define the signals necessary for stable associone of the known chromatin remodeling complexes with chromatin or nuclei. In resting murine lymphocytes, ation of the BAF complex with the nucleus we sought to develop an in vitro assay for nuclear association. about 80%-90% of the BAF complex rapidly leaked out of isolated nuclei, indicating that the complex is not We found that the BAF complex rapidly leaked out of digitonin-treated nuclei of resting lymphocytes (Figure tightly associated with the nucleus. However, within 10 min of stimulation with an antibody to the antigen recep-2A, lane 1), suggesting that adding back signaling intermediates might mediate nuclear association. Addition tor nearly 90% of the BAF complex became tightly associated with the nucleus (Figures 1A and 1B) . The associof PIP2, one of the major mediators of signaling in lymphocytes, induced nuclear association of BAF comation of other proteins with the nucleus was not changed by the stimulation, as revealed by Coomassie blue stainplexes ( Figure 2A, lanes 2-4) . PIP2 is more effective than phosphatidylinositol 4-phosphate (PIP) (compare lanes ing ( Figure 1C) . have no detectable BRG1 and do not have BAF complexes tightly associated with the nucleus ( Figure 2B , top panel). The distribution of hSNF2L complexes was not changed by PIP2 treatment ( Figure 2B, bottom panel) . Thus, PIP2-dependent targeting was selective for BAF complexes and not related chromatin remodeling complexes based on hSNF2L.
We found that about 40% of the BAF immunoreactivity was retained by the nuclear "matrix or scaffold" ( Figure  2C, compare lanes 2 and 3) , which contains about 5%-10% of the total cellular DNA. To investigate the possibility that the BAF complex bound to chromatin associated with the matrix, the nuclear extracts of Jurkat cells stably transfected with an HA-tagged BAF57 protein (Wang et al., 1998) were incubated with permeabilized SW-13 nuclei. Following HCHO cross-linking, chromatin-bound BAF complexes were then separated from free complexes by CsCl isopycnic centrifugation (Orlando and Paro, 1993) . HA-tagged BAF57 contributed from the Jurkat nuclei was then detected with antibodies to HA. PIP2 enhanced the binding of BAF complexes to chromatin as detected with HCHO cross-linking ( Figure 2D ). When only SW-13 nuclei were used for cross-linking, BAF complexes were not found to be chromatin associated as they were in Jurkat cell nuclei (data not shown). We (additional evidence will be presented in Figure 4A ). A comparison of the sequences of actin family members ( Figure 3B ) reveals that BAF53 is most related to Arp3 involved in Listeria motility (Theriot et al., 1994 ). 2, 3, and 4 with 5, 6, and 7). Thus, the ability of phosphoinositols to control the association of BAFs with the nuTo determine the proportion of total cellular BAF53 in the mammalian complex, we immunoprecipitated the cleus parallels the activity of these signaling intermediates to regulate actin-binding proteins. The nuclear complex with antibodies to several different stoichiometric components of the BAF complex. Antibodies to retention of BAF complexes was also enhanced by PIP2 when nuclear extracts from Jurkat cells were incubated BRG1 ( Figure 4A , lane 1), BAF170, and BAF57 (data not shown) immunoprecipitated most of the nuclear BAF53. with nuclei of SW-13 cells, which, as will be shown later, Figure 4B ). Using antibodies to hISWI/ hSNF2L, we found no evidence of actin in these comvealed that they were all derived from actin (as shown in Figure 3A ): four from the common region of ␣-and plexes (data not shown).
To determine whether actin is associated with the ␤-actin and two from the unique region of ␤-actin. Because actin is a frequent contaminant in biochemical BAF complex in living cells, we treated living Jurkat cells with the membrane-permeable, cleavable cross-linking purifications, we repeated the purification and sequence determination. Again all of the peptide sequences were reagent, DSP. Following denaturation in 8 M urea, we immunoprecipitated with antibodies to BRG1. ␤-actin derived from actin (data not shown).
To determine whether the actin within the complex was only coimmunoprecipitated from DSP-treated cells, but not from untreated cells ( Figure 4C , compare lanes could bind and hydrolyze ATP, we used azido-␥-32 P-ATP, which can be cross-linked to nearby amino acid 2 and 4). In contrast similar cross-linking studies using the SW-13 cell line, which does not have actin associresidues by UV irradiation. Two bands from the purified BAF complex were labeled with To rule out the possibility that actin was nonspecificomplex is likely to be a monomer. Quantitation using specific antibodies to actin revealed that there is about cally immunoprecipitated because of its abundance, antibodies to several different BAF components were used one actin molecule per BAF complex and that about 3% Figure 6A , lane 1, and for Western blot see Figure 6B ). Although two other bands are present noprecipitated a "core complex" from SW-13 nuclear extracts that contains most subunits but not BAF53 or on the silver-stained gel ( Figure 6A, lane 1) , they are Figure 8B ). Furthermore, similar amounts of purified actin did not result in significant ATP hydrolysis under the conditions used to assay SWI/SNF or BAF complex ATPase activity (data not shown). The reduced activity of BRG1 alone as compared to the BRG1, BAF53, and actin subcomplex was not due to urea denaturation, since both were exposed to 5 M urea and this treatment was not sufficient to interfere with the BRG1-antiBRG1 interactions necessary to maintain the complex on beads. The ATPase activity of the BRG1, BAF53, and actin subcomplex was 
